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Species (Cites) in 1989, to halt the 
steep decline in elephant numbers.
“Wild elephant populations were 
decimated by the ivory trade. By 
the time the 1989 Cites ban came 
into force, Africa’s elephants 
had been reduced by more than 
50 per cent,” says Mark Jones, 
programmes director at Care for 
the Wild, an international wildlife 
charity which commissioned 
the mammoth ivory report. 
“Poaching continues to threaten 
wild elephants. Anything that 
encourages the continued demand 
for ivory products, whether 
mammoth ivory or elephant ivory, 
could possibly exacerbate this 
threat.”
The report was carried out by 
Edmond and Chrysee Martin, 
and paints a picture of a valuable 
business in extinct animals — 
worth more than $20 million per 
year. Their report points out that 
trade in woolly mammoth ivory has 
been going on between Russia and 
the rest of Asia for many years, but 
declined sharply in the communist 
years from 1917 to 1991.
Nigel Williams
New ivory worries
The ban on the trade in ivory is under 
new threat from an unusual source: 
ancient ivory from woolly mammoths.
The bodies of thousands of 
mammoths have been found 
preserved in the frozen Siberian 
tundra, and the ivory tusks are the 
best preserved feature of them all. 
But the trade in ivory from the 
ancient tusks is now thought to 
be a risk for the future of African 
elephants, conservationists fear.
One report suggests that as much 
as 60 tonnes of Siberian mammoth 
tusks are being exported from Russia 
every year, mostly to China, where 
they end up in the workshops of its 
flourishing ivory-carve trade, being 
turned into brooches, pendants, 
figurines and thousands of other 
ivory objects.
Conservationists are concerned 
that this legal trade could be used as 
a front for the laundering of illegally 
poached elephant ivory, thereby 
fuelling the killing of elephants.
The trade in African elephant ivory 
was outlawed by the Convention on 
International Trade in Endangered 
Threatened: Mammoth ivory potentially endangers African elephants. (Photo: http://
en.wikipedia.org/wiki/File:Serengeti_Elefantenbulle.jpg.)
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What turned you on to science in 
the first place? In the early 1960s, 
when we were kids growing up in 
Fargo, North Dakota, New Year’s Eve 
was anticipated with great excitement. 
We were allowed to stay up long 
past our rigidly prescribed bedtime 
and munch forbidden snacks. There 
was no TV to keep us sedentarily 
entertained the long dark evening 
until the midnight alarum. Instead, 
my parents would initiate activities 
that would transport us well into the 
early hours of the New Year. During 
one such evening, Dad (a chemist 
who is also regarded as the father of 
polymer colloids) unveiled a van de 
Graaff generator, a simple machine 
which generates a static electric 
charge that accumulates on the 
surface of a metal ball; to us it was 
an austere, mysterious instrument 
from a Frankenstein movie. I cannot 
remember all the undoubtedly 
educational experiments we did that 
evening to explore the properties of 
electricity. I do remember the prickly 
feeling of every hair standing on end, 
the thrilling pops and zaps, the jagged 
arcs of blue lightning, the exhilarating 
terror of anticipated shocks and the 
elation of conquering that fear and 
embracing this new power with our 
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hands and bodies. Dad continued 
to be my scientific inspiration. He 
helped me launch model rockets in 
our backyard, helped me understand 
the colloidal chemistry of hollandaise 
sauce, and brought me into his lab 
where he trained me in basic lab 
techniques and organic synthesis.
What inspired you to go into 
biology? I didn’t do very well in 
college because I got interested 
in too many things (anthropology, 
ecology, chemistry and electronic 
music composition), despised exams 
(weighted heavily for grades) but loved 
writing term papers (lightly weighted 
for grades), and had to settle on a 
biology major only by default at the 
eleventh hour in order to graduate. 
After college, I felt lost, life-guarded 
at a local lake, and partied too much. 
In a stroke of genius, my Dad got a 
grant from the Department of Energy 
to develop a process to convert waste 
newspapers into fuel-grade ethanol by 
bacterial fermentation. He hired me as 
the ‘biologist worker’ and then took off 
to France for a sabbatical, leaving me 
solely in charge, a daunting but very 
stimulating experience (and probably 
the reason I now try to be as hands-
off as possible with my own grad 
students). I got the process to work 
pretty well, figured out how to measure 
ethanol concentrations, and evolved 
an ethanol-resistant strain of the 
bacteria. Before we could take it to the 
next level, the Reagan administration 
killed the program that funded us. 
Somehow, in the complex billiards 
game that is life, I bumped into an 
aging Austrian gentleman at a party. 
His name was Heinz Herrmann, 
emeritus professor and one-time 
chairman of the Molecular and Cell 
Biology Department at the University 
of Connecticut. We found that we 
shared an interest in reductionist 
philosophy and chatted together all 
evening. He suggested that I apply 
to graduate school and hired me as 
an assistant to edit the english of the 
Cell Biology textbook he was writing 
(sadly, the book was a flop and I have 
felt guilty ever since). His office was 
next door to Linda Strausbaugh, who 
generously took me into her lab and 
provided me with unbelievably patient 
support and mentorship for the next 
five years. A one-on-one lecture 
course with Barry Hall (all the other 
students dropped out after two weeks) 
captivated me and tossed me head 
over heels into a life-long love affair 
with molecular evolution. On reflection, 
what inspired me to remain in biology 
was not just the subject matter per se, 
but rather the elation of surmounting 
challenging problems largely on my 
own and the encouragement of people 
who were both devoted teachers 
and passionate researchers. I try to 
remember this when I teach.
Besides your parents and your 
teachers, do you have any scientific 
heroes? Lots, but perhaps the most 
influential was Stephen J. Gould.  
I started reading his essays in college, 
but became an avid devotee as a 
graduate student when I read his 
Ontogeny and Phylogeny, probably 
the most important catalyst for 
establishing the modern synthesis 
between developmental and 
evolutionary biology, or ‘evo-devo’. 
His main thesis was that changes 
in developmental timing were 
important for evolutionary changes 
in morphology. A famous picture 
reprinted in his book showed a juvenile 
chimpanzee that looked surprisingly 
human. The idea was that, in the 
evolution of humans, there was a 
slowdown in developmental timing 
so that adult humans look more 
like juveniles than the adults of our 
ancestors. I also loved Gould’s writing 
style and his use of words that made 
me keep a dictionary at my bedside. 
Years later, when I taught my own 
evolution course at NYU, I somehow 
got him to give a lecture each year to 
my students (he lived just down the 
street in SoHo). He was a dynamic 
lecturer who could make all these 
amazing connections between Ty 
Cobb, Mickey Mouse, Adam Smith, 
and Charles Darwin. I miss him a lot, 
but his elocution still echoes around 
the classroom walls.
How did you choose your very 
different postdoctoral experiences? 
I decided that I wanted to find out what 
were the genes responsible for Gould’s 
postulated evolutionary changes in 
developmental timing. But  
I realized I needed training in two fields: 
molecular evolution and developmental 
genetics. Also, Linda told me I should 
seek postdoc experiences in places 
to which I would never want to return. 
So my first postdoc was in Detroit and 
my second was in the Bronx. In Morris 
Goodman’s lab in Detroit, I learned 
how to reconstruct the phylogenetic 
relationships of monkeys and apes (and 
globin genes) by sequencing DNA. In 
those days we used nasty chemicals to 
cleave the DNA which we radioactively 
labeled and mouth-pipetted into 
homemade meter-long gel rigs. The 
whole apparatus reminded me of van 
de Graaff generators and Frankenstein’s 
lab, and it felt like we were probing the 
secret to life itself. But I also realized 
that humans are not a very good 
‘model system’ for probing the genetic 
underpinnings of morphogenesis. After 
making many inquiries and visiting labs 
that used fruit flies, sea urchins and 
plants, I became frustrated that few 
developmental biologists cared about 
evolution — except where the genes 
they studied are ‘conserved’. To me 
the interesting part of evolution is what 
changes, not just what stays the same. 
One day, my friend Scott Baird 
called and encouraged me to visit 
Scott Emmons’ lab in the Bronx. The 
Scotts were working to find the genes 
required for making the male tail of the 
nematode Caenorhabditis elegans, an 
impressive model system for which 
powerful genetic tools were available. 
Even more impressive to me, Emmons 
was enthusiastic about using the male 
tail to study evolution. They showed 
me a mutant with an elongated tail 
spike that looked strikingly similar to 
some other nematode species. It was 
manna from heaven. So was an NIH 
postdoctoral fellowship that meant I 
didn’t have to wait tables to support 
myself.
Was it then easy to find the genes 
responsible for morphological 
evolution? Not at all. First, it can 
(and did) take years to understand 
how a single gene works. Second, 
not only did we need to understand 
how morphology is generated in 
the C. elegans male tail, we also 
needed to understand how male 
tails changed during evolution. 
This meant we had to find other 
species and determine their 
phylogenetic relationships. Although 
there was a small collection of 
other Caenorhabditis species 
available, they are basically identical 
morphologically. After sending out 
a bunch of letters to nematologists, 
Walter Sudhaus wrote back (auf 
Deutsch) to say he would be happy 
to send his entire collection of 
positively identified species. I dug 
out my Beginning German textbook 
and cursed my laziness in college.
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The relationship with Sudhaus 
has been enormously important and 
allowed us to establish a phylogeny for 
a bunch of closely related nematodes 
with differently shaped tails. The 
phylogeny tells us the direction of 
the evolutionary changes and shows 
that the same kind of morphologies 
evolved multiple times. Based on a 
lot of developmental genetics and 
recently, genomics, we now have 
a pretty good idea of the principal 
genes involved in C. elegans male 
tail morphogenesis. Some of these 
genes are indeed the kind that Gould 
imagined — they are responsible for 
regulating the timing of particular fates! 
But there are other kinds of genes as 
well. The challenges for the future are 
to figure out how these genes interact 
to regulate morphogenesis. Then we 
can use these genes to see how the 
genetic architecture has been altered 
in the other nematode species. These 
studies may not tell us precisely how 
our ancestors’ DNA changed to make 
us human. But, along with the exciting 
work of others in the field, we hope it 
will lead to a general model for how 
evolution works with development to 
make different forms.
Would you recommend a scientific 
career to a student these days?  
Science is nothing quite like I had 
envisioned as a kid, of course. I could 
not have foreseen the petty politics, the 
frustration of the grant-writing treadmill, 
the difficulties of managing a lab 
composed of diverse personalities, the 
time drain of committee work and peer 
review duties, the endless demands 
of students, and the struggle to find 
blocks of time just to think about a 
problem. Fortunately, many interesting 
intellectual challenges still abound. 
Reflecting back on that electrically 
stimulating New Year’s Eve, however, 
it is clear that the first motive force 
propelling me into science was not 
just intellectual. It was physical and 
emotional, an intense intimacy with 
a new phenomenon, like a first love. 
Every once in a while, a surprising new 
discovery or a successful experiment 
will reignite my sense of wonder and 
joy, or the look of sudden understanding 
will light up a student’s face in the 
classroom. And then it is all worth it.
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event — usually a mutation, or a gene 
recombination — enables the precursor 
(tail or fin buds in these examples) to 
continue developing beyond the bud 
stage, often resulting in a functional 
structure. Extant horses, for instance, 
have a single toe on each foot with a 
splint bone on either side. In horses 
with three toes — an atavism reflecting 
the three toed ancestral condition — the 
additional toes can be fully functional, 
all the necessary muscles and nerves 
having developed in response to the 
presence of the atavistic toes. The 
three-similar sized toes are clue to 
the process: in larger limb buds, the 
primordia of the side toes (normally 
splint bones) developed and grew at a 
similar rate to the middle toe, enabling 
three toes to form.
What causes atavisms? Apart from 
individual environmental disturbances, 
mutations resulting in atavisms are 
known. Excessive facial and upper body 
hair in humans (hypertrichosis) can be 
so extreme as to cover almost the entire 
body with hair. The causative mutation 
has been mapped to Xq24-q27.1 in the 
X chromosome, although the gene has 
not yet been identified. We see that, 
provided the gene regulatory pathway 
is present, a mutation can provide 
a sufficient signal to reactivate the 
pathway leading to the formation of the 
atavistic feature. Atavisms tell us that 
genetic information may be retained 
but not expressed in the phenotype 
for many generations. An enormous 
amount of variation is therefore present 
to be (re)activated given the appropriate 
signaling event.
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Atavisms
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What are atavisms? An atavism 
is the occasional re-appearance in 
individual species members of a single 
generation of a character — a structure 
or behaviour — that is present in all 
ancestors within the lineage. The 
word comes from the Latin atavus 
meaning an ancestor further back 
in time than a great-grandfather’s 
grandfather. Atavisms also are known 
as evolutionary throwbacks, reversions, 
or the reappearance of ancient 
characters. Because their appearance 
is unexpected, atavisms appear to be 
new but really are the manifestation of 
an old character, the developmental 
and genetic basis of which has been 
retained in ancestors without being 
expressed as a character. 
How do we identify an atavism? By 
definition, atavisms can be identified 
only in a lineage for which we know 
the evolutionary history. Thus, when 
the patterns of articulation of the wrist 
bones in all the individuals from a single 
Californian population of the rough-
skinned newt, Taricha granulosa, were 
analyzed, two of the eight patterns were 
found to be atavistic — these patterns 
in a few individuals were found in all 
members of an ancestral species.
Other examples of atavisms? The 
occasional presence of a tail on a new-
born human is an atavism because 
human ancestors are known to have 
had tails. Likewise, the occasional 
formation of hind fins in whales or 
dolphins or of fore- and hind limbs in 
snakes can be identified as atavisms 
because cetaceans and snakes have 
ancestors with fore- and hind limbs. 
How do atavisms arise? Implicit 
in the identification of a character 
as an atavism is that the ancestral 
developmental and evolutionary basis 
for the character has been sufficiently 
preserved that we can identify the 
character as an atavism. Also implicit 
is that a precursor of the atavism 
must be present as developmental 
programme or rudiment in all individuals 
but normally not progress far enough 
to produce the character. Finally, an 
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